INTRODUCTION
An organism's life history strategy is defi ned by ontogenetic and reproductive traits that determine individual lifetime reproductive success (Roff 1992) . The knowledge of the reproductive strategy of a species is critical to understand its population dynamics (Jakobsen et al. 2009 , Salcedo-Bojorquez and Arreguin-Sanchez 2011 , Colmenero et al. 2013 and to provide sound scientifi c advice for fi sheries management (Morgan 2008) . Reproductive characteristics such as the degree of synchronicity of oocyte development, the spawning pattern, and the type of fecundity are adaptations to maximise the probable survival of offspring and vary widely between species (Ewing and Lyle 2009). In highly fecund species such as teleost fi shes, changes in the structure of a population can be defi ned by reproductive capability (Einum et al. 2003) . The variations in reproductive features (e.g., spawning season, fecundity, and maturity) can be caused by biotic and abiotic factors (Thulasitha and Sivashanthini 2013) , and affect the reproductive potential of a species (Marshall et al. 1998) . Moreover, within a single species' spawning strategy, conspecifi c variations have been observed in response to environmental fl uctuations, which can infl uence the timing of spawning seasons, fecundity, and length-atmaturity (Silva et al. 2006 , Ziegler et al. 2007 .
Depending on the season and the geographical region, fi sh species can exhibit variability in their reproductive characteristics (Bani and Moltschaniwskyj 2008) . In temperate fi sh species, the gonadal activity changes seasonally with considerable investment into reproduction during the spawning season (Wallace and Selman 1981) . The initiation and duration of the spawning season may vary among populations distributed in different geographic regions (Brown-Peterson et al. 2001) . Such changes may be due to variations in water temperature, day length, nutrients, and physico-chemical parameters of water, which are recognized as parameters that exert predominant infl uences on the fi sh reproductive activity, particularly the time of spawning (Glasser et al. 2004, Yamamoto and Shiah 2012) . Changes in these parameters vary with latitude, which may be responsible for latitudinal variations in spawning season of some species (Yamamoto and Shiah 2012) .
Northern pike, Esox lucius Linnaeus, 1758 (thereafter pike), is a freshwater fi sh species with a distribution area covering almost the entire northern hemisphere including Asia, Europe, and North America (Craig 1996 , Avian et al. 1998 , Lappalainen et al. 2008 . Pike in Iran is distributed at the southern edge of the species range (Sattari et al. 2002) and the Anzali Wetland has been mentioned as a main habitat for pike in this region (Abdoli and Naderi 1999) . Pike is a highly valuable commercial species in the southwest Caspian Sea, and it makes up for the highest percentage of the catch composition in the Anzali Wetland (Moslemi-Aqdam et al. 2014) . Popularity and high market price of pike in the region, has resulted in severe exploitation of its stock and the amount of catch has declined dramatically in recent years from 180 t in 2003 to almost 100 t in 2010 (Moslemi-Aqdam et al. 2014) .
Although several studies have addressed the reproductive biology of this species (Bregazzi and Kennedy 1980 , Treasurer 1990 , Avian et al. 1998 , Lenhardt and Cakić 2002 , Balık et al. 2006 , Nilsson 2006 , Žiliukienė and Žiliukas 2012 ), the majority of them have been in regions of high latitudes (e.g., England, Scotland, Sweden, Germany, and Lithuania). Information on the reproductive biology of pike in lower latitudes is very limited, so that this study adds information on the variability and plasticity of its reproductive traits. The overall aim was to investigate:
Spawning season, pattern of oocyte development, and spawning strategy based on monthly variations of gonadosomatic index, monthly proportions of maturity stages, and the size-distribution of oocyte;
Length at 50% maturity; The absolute and relative fecundity and the relations between fork length, body weight, and fecundity.
In addition, changes in the timing of the onset of the spawning activity are discussed in relation to geographical locations and water temperature in this region compared to higher latitudes.
MATERIALS AND METHODS
Sampling and laboratory processing. Pike were sampled monthly from the Anzali Wetland (37°22′-37°32′N; 49°15′-49°36′E) (Hargalani et al. 2014) in the southwest of the Caspian Sea ( Fig. 1 ) from July 2012 through June 2013, using gill nets (mesh sizes, 18, 23, 32, 36, 45, 55, and 60 mm) . The water temperature data throughout the sampling period were provided by the Iranian Department of Environment, Guilan province ** . Fish were caught, stored on ice, transported to the Department of Fishery, University of Guilan, and dissected within six h from capture. For this study, 537 specimens were sexed (male, female, and immature), measured to the nearest mm for fork length (FL), weighed to the nearest g for total body weight (W T ) and gutted weight (W E ), and 0.001 g for gonad weight (W G ) and liver weight (W L ). The ovaries were macroscopically staged (Table 1) and preserved in Bouin's solution. Spawning season, reproductive strategy, and histological analysis. The spawning season was estimated by analysing monthly variation of the maturity stages and the changes in the gonadosomatic index:
and the hepatosomatic index:
where W G is the gonad weight, W E is the gutted (eviscerated) weight, and W L is the liver weight. Since immature specimens were not considered, a total of 152 males and 255 females were used to determine both indices (Fig. 2) .
The oocyte development pattern (i.e., synchronous, group synchronous or asynchronous) and type of spawning strategy (i.e., total or serial spawner) were assessed using oocyte size-frequency distributions (West 1990 ) along with histological examination (Hunter and Macewicz 1985, West 1990 ). The size frequency distribution of oocytes within the intact ovaries of 10-16 females at each stage of maturity was determined macroscopically. Cross sections, 2-3 mm thick, were excised from the centre preserved for 24 h, were dehydrated in an ethanol series (50%-96%), embedded in paraffi n, and sectioned at 5 μm (using Opti-Wax tissue processor and Roto Cut 400 microtome, SCILAB, England). The segments were stained with Mayer's haematoxylin and eosin. We assumed there are no signifi cant differences in maturation and oocyte frequency distribution between left and right ovaries: thus, the left ovary was used for histological analysis. A histological classifi cation of oocytes (Table 1) was made based on terminology defi ned by Yamamoto (1956) and the staging criteria from West (1990) and Brown-Peterson et al. (2011) . Fecundity and length-at-maturity. Absolute fecundity (F A ) was calculated according to the number of oocytes at the beginning of the spawning season (Hunter and Macewicz 1985) . Only those fi sh with undamaged ovaries at the fi nal oocyte maturation (FOM) stage and showing no sign of postovulatory follicles (POF) were considered for F A estimation (Ganias et al. 2004 ). Before F A was estimated, differences in mean oocyte density was tested. Thus, approximately 0.5 g of ovarian tissue from three sections (anterior, middle and posterior) of both left and right ovaries were taken from 22 females at the fi nal oocyte maturation stage. Because no signifi cant difference was observed between left and right and among three sections of the left ovary (see Results), approximately 0.5 g subsamples were taken from the middle section of the right ovary and the number of oocytes was counted. Then, the absolute fecundity (F A ) was determined by using the formula provided by Le Cren (1951) :
where N o is the number of oocytes in subsample, W G is the gonad weight, and W s is the weight of the subsample.
Relative fecundity (F R ) is the number of oocytes per fi sh body weight unit (g):
where W T is the total body weight. P M Length-at-maturity (L 50 ) was estimated for each sex based on mature and immature individuals collected before the peak of spawning (Duarte et al. 2001) . To avoid classifying immature fi shes, only fi sh collected from December to January were used for this analysis. The proportion of male (n = 96) and female (n = 103) fi sh that were reproductively mature during the season in each 1 cm length class, was calculated and logistic curves (King 1995) were fi tted to the data for each sex using a nonlinear least squares procedure:
where P M is the proportion of sexually mature individuals as a function of FL (L), a is the constant with a value which increases with the steepness of the selection curve, and L m the mean FL at sexual maturity, or the FL corresponding to the proportion of 50% in reproductive condition. of the right ovary and the oocytes were separated with hypodermic needles. Oocytes were not perfectly spherical in shape, so the mean value of large and small diameters of approximately 300 randomly selected oocytes was calculated after examination under a stereomicroscope with a calibrated ocular micrometer using transmitted light and bright-fi eld illumination. The development stage of each whole-oocyte was determined using the criteria proposed by Davis and West (1993) (Table 1) . Macroscopic staging of the gonad was validated histologically, in which ovaries were staged based on the presence of the most advanced type of oocyte (West 1990 ). Gonadal segments (median part) from left ovaries Statistical analysis. Prior to the analysis, data were examined for normality and homogeneity of variances using Kolmogorov-Smirnov and Levene tests, respectively. Student's t-test was used to test for differences in the number of oocytes per gram between left and right ovary. Analysis of variance (ANOVA) was used to compare the number of oocytes per gram among subsamples taken from the three sections of a single ovary. The use of three sections ensured that analysed subsample represented the entire ovary (Murua and Saborido-Rey 2003) . Two-way ANOVA was applied to determine the interaction of gender and month as independent variables with dependent variables of GSI and HSI (log transformed data). The Tukey post hoc result was used to identify signifi cant differences between 14 Spent VI N = number of fi sh; Whole-oocyte analysis was adapted from Davis and West (1993) , Histological analysis was adapted from West (1990) and Brown-Peterson et al. (2011) . Statistical analyses were conducted using SPSS (version 16, Inc., Chicago, IL, USA). Results were considered signifi cant at the 95% (P < 0.05) level.
RESULTS
Spawning season, gonadal development and reproductive strategy. The FL ranged from 20.5 to 56.6 cm for males and from 18.3 to 66.1 cm for females, while the W T ranged from 56.3 to 1852.3 g for males and from 52.9 to 2050.3 g for females. The mean GSI increased, for both sexes, in October (males = 1.10 and females = 1.22) and reached its maximum in January (1.99 and 10.67 for males and females respectively, Fig. 3 ), while the extent of the increase was noticeably higher in females. Changes in GSI were dependent upon the combination of gender and month (ANOVA; F gender*month = 4.93, df = 11, P < 0.05). The GSI decreased from February (1.21 and 2.68 for males and females, respectively) and both sexes showed low GSI between April (males = 0.19 and females = 0.16) and September (males = 0.16 and females = 0.21). GSI values indicated that pike, spawned from February through March. Spawning time coincided with the beginning of a slight increase in water temperature in February (Fig. 2) .
No signifi cant differences over months were found in HSI values (Fig. 4 ) between sexes (P > 0.05). However, changes in HSI were dependent upon month within both sexes (ANOVA; F month = 3.89, df = 11, P < 0.05). Minimum and maximum HSI values were found in August (0.99) and March (1.98) for males, respectively. In females, the minimum (1.10) and maximum (2.61) HSI values were observed in September and March, respectively. The diameter of oocytes was less than 240 μm (Fig.  5 ) in the previtellogenic stage (II). Stage II was observed from February to July (Fig. 6 ) and was the longest stage of oocyte development. In this stage oocytes presented a spherical nucleus with some nucleoli in periphery and a thin cytoplasm surrounding the nucleus (Fig. 7A ). In the previtellogenic stage (III), which was present from July through November (Fig. 6) , oocyte diameter reached 400 μm (Fig. 5 ) and cortical alveoli oocytes (primary vitellogenesis) were visible in the histological sections (Fig. 7B) . Stage IV ovaries (late vitellogenesis) were present from October to December (Fig. 6 ) when oocytes diameter increased to approximately 720 μm (Fig. 5 ) due to secondary vitellogenesis with endogenous resources and accumulation of yolk vesicles in the oocytes (Fig. 7C) . In the fi nal oocyte maturation stage (V), large nucleusmigrated oocytes accompanied by smaller prinucleolar oocytes were apparent (Fig. 7D) . In this stage, which was prevailing in December and January and was also observed in February (Fig. 6) , the oocyte diameter reached the maximum size of 1360 μm (Fig. 5) . Finally, spent ovaries (Stage VI) containing postovulatory follicles (POFs) along with some previtellogenic oocytes (Fig. 7E) were present in February and March (Fig. 6 ). Fecundity and length-at-maturity. There were no signifi cant differences in the number of oocytes between left and right ovaries (t = -0.03; df = 46; P > 0.05) or among three sections of left ovaries (ANOVA; F = 0.009; df = 2; P > 0.05). The F A of 22 females with 31.4-52.8 cm FL ranged from 4423 to 48471, and mean F A (± standard error) was 16481 ± 2705.2. F A and F R tended to increase linearly with the W T and FL (Fig. 8) , indicating that fecundity is dependent on size and body weight of fi sh. Non-linear equation showed lower coeffi cient of Comparison of length-at-maturity curves showed a clear difference between males and females, with L 50 equal to 28.5 cm FL for males and 33.9 cm FL for females (Fig. 9) . All males and females were mature at 34 and 41 cm, respectively. Males and females below 24 and 28 cm were immature.
DISCUSSION
Gonadal development, spawning season, and reproductive strategy. The presence of two types of oocytes in ovaries classifi ed as stage V suggested that pike have group synchronous pattern in gonad development like the majority of teleost fi shes (Kunz-Ramsay 2004) . Histological examination of gonads and size-frequency distribution of oocytes showed two batches of oocytes; a large group of advanced oocytes, which participate in spawning and a small group of growing oocytes with small size (<0.2 mm) that would be released over the next spawning season. Therefore, pike displayed a group synchronous pattern in oocyte development, similar to Geru et al. (2012) and Lebeau (1991) . Considering the majority of stage IV (late vitellogenesis) in November and the highest proportion of stage V (fi nal oocyte maturation) in December and January, spawning could begin in February by developing toward and passing through stage V. Although the greatest amount of stage VI (spent females) were observed in February, their presence in March suggests that duration of spawning could last from February through March in the Anzali Wetland.
Furthermore, the relatively short spawning period (February to March), the lack of mature females with vitellogenic oocytes toward the end of the spawning season, and the presence of POFs confi rmed that the spawning pattern is total. In total spawners, GSI is usually high just prior to spawning if this species shed all the oocytes that they will mature in that spawning season over a short time interval (Wootton 1998) . In the presently reported study, GSI values of mature fi sh followed a similar pattern for both sexes and reached a maximum in January. The observed maximum GSI just prior to spawning (January), supports the spawning period described from the study of oocyte pattern. The spawning period may be linked to a gradual increase in water temperature from 7ºC in February to 10ºC in March in the Anzali Wetland. In many fi sh species, GSI along with the proportion of different reproductive stages has been proposed as a reliable technique to estimate the spawning period and the peak of spawning activity (Brown-Peterson et al. 2001 , Lowerre-Barbieri et al. 2011 .
Maximum and minimum HSI values were observed respectively in March and September. This suggests that pike store energy in the liver after using it for gonad development. This phenomenon has also been reported in cyprinid fi shes by Mackay and Mann (1969) . The HSI represents the amount of energy allocated to reproductive activities (Yaragina and Marshall 2000) , so that the lesser variation of HSI in males compared with females could indicate less energy expenditure in the male reproductive cycle. Such a trend has been reported in Perca fl uviatilis Linnaeus, 1758 (see Le Cren 1951 , Craig 1977 .
Reproduction of temperate-climate fi shes is highly infl uenced by temperature (Bye 1984, Van Der Kraak and Pankhurst 1996) and the pike seems to be no exception, so that water temperature can infl uence the timing of spawning period (Wootton 1982 , Lam 1983 . As latitude decreases, the spawning season of pike populations starts earlier in the year. This is supported by the analysis of different thermal regimes, which vary from the cooler regions in the lakes of Scotland (57N) and Lithuania (55N), through warmer regions (a lake in Turkey; 38N) and south-western Caspian Sea (37N) ( Table 2) . A particular aspect of the infl uence of temperature is its role as a cue to trigger reproductive activity, and due to temperature effect on the vitellogenesis, low water temperature can cause delay in spawning time (Kjesbu 1994) . This has been reported for other species (Morato et al. 2003 , Saemi Komsari et al. 2013 , and may occur in other pike populations.
Fecundity and length-at-maturity. Group synchronous pattern suggests a determinate fecundity (Render et al. 1995) for pike. The mean F A in the presently reported study area was 16481 eggs (range: 4423-48471), which is similar to the result of F A for pike in Karamık Lake (38N) with 2033-29050 eggs (Balık et al. 2006) and Kapulukaya dam lake (39N) with (mean ± standard deviation) 19871.7 ± 15051.1 eggs (Benzer et al. 2010 ). Lenhardt and Cakić (2002) estimated that the value of F R was 40.4 ± 12.5 eggs per gram W T in the Danube River (44N), while this value ranged between 15.1-41.6 eggs per gram W T in the presently reported study (37N). Absolute and relative fecundity for pike revealed a positive relation between the number of oocytes and fi sh length and weight which is similar to those obtained by Mann (1976) and Benzer et al. (2010) ; therefore larger females have a higher contribution to egg production than smaller ones. Finally, sizes-at-maturity in this study (37N) (males: 28.5 cm FL; females: 33.9 cm FL) were similar to those in Lake Rubikiai (55N), (26.8 FL cm for males and 33.4 FL cm for females; Žiliukienė and Žiliukas 2012), and Lake Karamık (38N) (27.9 cm FL for males and 29.1 cm FL for females; Balık et al. 2006) . In contrast, sizes-at-maturity were larger in Windermere (54N) (35.8 cm FL for males and 39.6 cm FL for females; Frost and Kipling 1967). These variations in L 50 could be related to environmental and anthropogenic factors such as temperature, food availability and fi shing pressure (Roff 1992 , Trippel et al. 1997 .
Conclusions. Pike is a target species of commercial fi sheries in the Anzali Wetland. The rise of its economic value has led to an increase of the captures in this area. The lack of information about its reproduction on the southwest cost of Caspian Sea has rendered fi shery management diffi cult. The results of our study improve the current understanding of the reproductive dynamic of this species. From a morphological point of view, the structure and the development of ovaries do not differ from the development of gonads in other regions, although pike presents variation in its spawning season, a variation that is linked to its geographical distribution. Spatial variation in the reproductive features indicates that reproductive performances vary among geographical regions. Furthermore, the study of pike reproductive characteristics in warmer region may help to visualize how climate change may affect its reproduction in northern areas. This may also bear some relevance to the management of pike populations known to have been introduced to higher latitude regions. Males and females reach L 50 at 28.5 and 33.9 cm FL, respectively. As a consequence, the large catch and retention of individuals below the L 50 (29% of males and 68% of females landed) indicate that overfi shing of this species could be a concern in the southwest of the Caspian Sea. If indiscriminate harvesting occurs, the number of fi sh that reach maturity could be reduced to such an extent that the reproductive capacity of the population would be diminished. One way of mitigating this risk is to ensure that minimal fi shing pressure applied to the populations before the fi sh reach maturity. In addition, considering the spawning season (February and March), seasonal closure can be designed to protect key life stages. On balance, this study provides new data that are needed for a better understanding of the biology and ecology of pike; this knowledge will be useful in assessment and management of the stock that is exploited by the fi sheries of southwest of the Caspian Sea. 
